This paper describes 27 patients who had a spinal fracture and underwent an anterior or a posterior spinal decompression, with or without spinal instrumentation, for late neuro logical compromise secondary to post-traumatic vertebral collapse associated with osteo porosis. Five males and 22 females were studied, with an average follow-up of 3.7 years. The patients developed delayed neurological compromise due to osteoporotic vertebral collapse 1 month to 1. 5 years following insignificant spinal fractures. Abnormal hypermo bility at the collapsed spinal level with gradual retropulsion of fracture fragments into the spinal canal appeared to contribute to late paralysis. This pathology is treated surgically either anteriorly or posteriorly, but we recommend transpedicular posterolateral decom pression and stabilization with a screw-rod construct because of technical ease and minimum invasion.
Introduction
Osteoporosis is a major cause of spinal compression fractures in the elderly. Despite an extremely high incidence of spinal fracture in such people, immediate neurological compromise after trauma is uncommon. A simple compression fracture is most frequent, usually manifesting no serious spinal canal compromise or resulting spinal instability. However, a series of spinal fractures in those with osteoporosis can gradually result in serious impingement on neural tissues anteriorly and cause subsequent late devastating neurological com promise mostly with a kyphotic deformity.1-4 Current literature concerning this type of uncommon spinal injury is limited, but appears to be increasing. However the mechanism causing such late neurological sequelae is still poorly understood.5-9 We report 27 patients who underwent decompressive and reconstructive surgery for late neurological compromise secondary to this spinal problem, termed osteoporotic vertebral collapse, and discuss the possible mechanism causing paralysis.
Patients and rqethods
Between 1981 and 1992, 29 patients with late neuro logical deficits associated with osteoporotic vertebral collapse were treated surgically at our university hospitals and affiliated institutions. Two of them had died, we found, and the other 27 patients, comprising five males and 22 females, were studied. The age at surgery ranged from 53 to 82 (average: 61). Osteoporosis was classified as postmenopausal in 21 patients, senile in four, and corticosteroids-induced in two. Owing to the delay in symptomatic onset and even in diagnosis, the duration between back trauma and symptomatic onset was estimated at from 1 month to 1.5 years (average: 5.3 months). No major vertebral trauma manifested immediate paralysis. All of the patients were initially treated conservatively, but ver tebral collapse progressed gradually with resulting neurological symptoms. Two patients were incorrectly operated on (in outside institutions), for lumbar spinal stenosis, not for osteoporotic vertebral collapse. The patients were followed up from 1.3 to 6.6 years (average: 3.7 years): some were evaluated by the examination chart at their last visit.
Neurological examination
Pain and the neurologic status were assessed by the system shown in Table 1 .10 Preoperative, localized, and incapacitating spinal pain in relation to the collapsed vertebra occurred in 17 patients. The patients' histories revealed symptomatic lumbar spinal stenosis requiring no surgical intervention in seven, mild Parkinsonism in two, a minor stroke in two, and mild diabetic neuro pathy in one patient. Spinal cord and cauda equina symptoms and signs were variable and required repeat confirmation; sensory disturbance was present in all of the patients; muscle weakness in 18; hyperactive patellar tendon reflex in 13; Babinski's reflex in eight; and vesicorectal dysfunction in six. Excluding two patients who had undergone previous surgery for H Baba etol Figure   1 ) at the middle portion of the vertebral body12 was measured in flexion-extension lateral radiographs.
Maximum canal compromise (b in Figure 1 ) by the retropulsed fragment was also measured in flexion extension lateral radiographs. All radiographic measurements were conducted directly on radiographs, with the distance from the radiation source to the film tray being set approximately at 100 cm and the film being in contact with the lateral side of the patient's trunk. Three examiners (YM, KK, and NF) were involved in radiographic measurements, and the mean values measured were analysed statistically.
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Preoperative histological examination
The diagnosis of osteoporotic vertebral collapse was made primarily by the radiological appearances, but, in some patients (cases 6, 7, 12, 14, and 18 in Table 2 ), a preoperative histological examination was necessary to differentiate the pathology from primary tumour, metastasis, or spondylitis. Transpedicular biopsy under local anaesthesia using an image intensifier confirmed the presence of osteoporosis in all of the subjects. Typical histological findings included reduced bony trabeculae and increased necrotic bone and cicatrix tissue without any evidence of vascularisation or cellular proliferation usually seen in the normal frac ture healing. Postoperatively, histological findings con firmed that there was no evidence of pathology other than that of osteoporosis in 10 patients; in 12 other patients, however, no tissue diagnosis was made.
Surgery
Surgery was indicated for all patients with progressive neurological problems, mostly accompanied by spinal pain and a kyphos. There were different types of surgery, utilising the technical advances in spinal instrumentation. No serious major complications occurred related either to surgery or to anaesthesia. Table 2 gives the demographic data.
Anterior surgery was performed in seven patients: Kaneda instrumentation in four, Zielke VDS in two, and anterior fusion alone in one. Three patients had collapsed T12 vertebrae; three, Ll; and one, L4. The T12 vertebra was exposed by extrapleural and extra peritoneal approaches, and extraperitoneal access was undertaken for Ll and L4 vertebrae. The affected vertebrae and paired discs, mostly retropulsed into the canal, were debrided followed by exposure of the dura mater and the use of spinal instrumentation with an iliac and/or a fibular autograft. The patient was allowed out of bed on the fourth day after surgery. The operation time for anterior surgery ranged from 3.7 to 5.5 h (average: 4.5 h), and the blood loss 453 to 830 g (average: 530 g).
Twenty patients underwent posterior transpedicular decompression with Cotrel-Dubousset (CD) instru mentation, which enables transpedicular posterolateral decompression and simultaneous correction of the kyphosis with the use of spinal implants, as Garfin The affected vertebral body is approached postero laterally, but the maximum amount of lamina is preserved to minimize subsequent instability; laminec tomy of the affected level alone is usually appropriate. Pedicle screws 7 mm in diameter and 4.5-5 cm long are placed in one of two vertebrae above and below the affected level(s). Pediculotomy and medial facetectomy for the affected vertebral level only are sufficient to view and debride any osseous and disc fragments encroaching anteriorly on the spinal cord. Fragments are removed with a reverse-angle curette or drilled away with a surgical airtome, or impacted anteriorly with a pusher without manipulation of the spinal cord.
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A 360-degree spinal cord decompression is thus imple mented without any significant injurious manipulation of the spinal cord itself. After resection or firm impaction of the slightly bulged posterior vertebral wall anteriorly, sometimes with morcellised autogenous bone grafts into the fractured body, CD rods already contoured are applied to maintain the reduced position of the kyphosis as much as possible. Care was taken not to contour rods for greater correction after the setup of the entire assembly to avoid screw pullout from the vertebral bodies. Kyphosis is corrected essentially by postural reduction on the operating table. Laminar fusion is recommended throughout the areas instru mented, and costotransverse process fusion at the laminectomy and pediculotomy level is mandatory. In our series, the duration for posterior surgery ranged from 2.5 to 4.3 h (average: 3.3 h), with a blood loss 210 to 330 g (average: 270 g). The patient is allowed to move without a thoracolumbar orthosis on the second day after surgery.
Statistical analysis
The radiographic data measured and collected were stored as category scores in the StatView n™ program (Abacus Concepts, Berkeley, CA, USA) using a Macintosh LC630 computer (Apple, Cupertino, CA, USA). Statistical evaluations included non-parametric tests (Mann-Whitney, cumulative t, and Kruskal Wallis), with the P value <0.05 viewed as significant.
Results

Neurological outcome
Overall results showed excellent neurological recovery in six patients, good in 15, fair in four, and poor in two (Table 2) . Twenty-one (78%) patients obtained good to excellent results. All patients with cauda equina deficits alone due to lower lumbar involvement had good to excellent results. The average score of all patients improved from 8.3 points preoperatively to 11.7 points at follow-up with an average improvement rate of 63.0%. One patient (case 16) with double-level com promise continued to require catheterisation due to significant loss of voluntary bladder control, and two patients with Parkinsonism (cases 10 and 25) required temporary use of a walking aid despite good neuro logical improvement in the lower extremities post operatively.
Patients younger than 59 years of age (n = 7), 60-69 (n = 10), and 70 or older (n = 10) showed average neurological improvement rates of 71.5%, 60.8%, and 56.4%, but no statistical difference was observed among these groups (cumulative t test). Furthermore, the duration of the paresis did not significantly affect their postoperative neurological improvement. Patients with preoperative scores of 7 or less (n = 9), [8] [9] (n = 12), and 10 or more (n = 6) showed average neurological improvement rates of 55.3%, 57.7%, and 87.5% , with the last group showing significant improve ment (cumulative t test, x*2 = 7.165, P = 0.009). Patients who had anterior spinal surgery had an average improvement rate of 58.6% and those who had posterior surgery 64.5%, demonstrating no significant difference (P = 0.0685, Mann-Whitney).
Radiographic study
Findings in minimum vertebral body height, maximum canal compromise, and the kyphotic angle in flexion or extension are shown in Table 3 . The minimum ver tebral body height increased significantly in extension at level Tll, compared to scores at other levels (P = 0.0387, Mann-Whitney), with an average incre ment of 88%. Maximum canal compromise by frac tured fragments showed no remarkable change. Kyphosis was greatest in flexion at level T12 and incrementation of the angle was significant at TIl and T12 level (level T1l: P = 0.0433 concerning level Ll, and level T12: P = 0.0317 concerning level L1, Kruskal-Wallis). Figure 2 shows changes of kyphotic angle in a neutral film preoperatively, postoperatively, and at follow-up. In the anterior surgery group, 40% of kyphosis was corrected immediately after surgery and 12% at follow-up; 38% correction was lost. In the posterior surgery group, the Kyphosis was corrected in 61% immediately after surgery and in 46% at follow-up. At follow-up, a loss of correction occurred in both groups, although this was less in patients undergoing posterior surgery, but not to a significant degree (P = 0.0773, Mann-Whitney).
Instrumentation fa ilures
In six cases with anterior spinal instrumentation, one with Zielke VDS fixation for an Ll unstable burst fracture showed a loose vertebral screw with dislodge ment of a rod but an anterior strut graft united eventually without the necessity for refixation of implants. In 20 patients with CD instrumentation, three showed minor instrumentation failures during their postoperative course (loose screws from pedicles and bodies in two cases and bent screw-neck in one); none showed instrument-related neurological problems.
Discussion
Vertebral compression fracture is common in the elderly, and is usually well treated conservatively. Although an osteoporotic fracture rarely causes an acute neurological problem, late neurological difficul ties are occasionally encountered. Less well understood is the modality of disruption of vertebral collapse even after a simple spinal fracture and resultant deformity in those with osteoporosis. The scope of this problem appears to be increasing as the population ages.
16
In patients with a round back or a kyphosis secon dary to osteoporosis, the injurious loading pattern is directed more axially and ventrally. The vertebra in osteoporosis is considered to reduce the trabecular pattern resistive to axial loads and the blood circulation to facilitate fracture healing. Repeated minor fractures, or even an inadequate bracing technique, may also delay fracture healing. A histological example obtained from the collapsed T12 vertebra in case 14 is shown in Figure 3 , demonstrating abundant cicatrix tissue forma tion within more necrotic bone. The histology also demonstrates the lack of expected fracture healing patterns. Cicatrix tissue or fibrous granulation within the vertebral body is obviously unresistive to axial and flexural loads and subsequent segmental instability, while bony and disc fragments in posterior parts of the vertebra gradually migrate into the spinal canal. An increase in the kyphosis at the affected segment enhances this bony and cartilaginous retropulsion instead of fracture healing, accelerated by segmental instability developed gradually after trauma. Serial radiographic changes with gradual collapse and bony retropulsion seen in case 9 are shown in Figures 4a-c. Values are mean ± standard deviation. * P = 0.0387 (Mann-Whitney); ** P = 0.0433 and *** P = 0.0317 (Kruskal-Wallis) The prediction of late neurological difficulties is by no means easy, but some risk factors are demonstrated by radiography. Our study suggested precipitating factors to be (1) vertebral fracture involving both the anterior and the posterior corpus, ie burst fracture; (2) increased kyphosis resulting from a wedge compression fracture (kyphotic angle measured at the affected spinal level more than 30 degrees); and (3) vacuum shadow within the fractured vertebral body potentially implying ischaemic necrosis of bone. Established kyphosis or round-back deformity may also facilitate fractured fragments to migrate into the spinal canal. Even if asymptomatic, patients with spinal cord compression demonstrated in MRI after trauma should also be followed up with the utmost care. Patients with asymptomatic retropulsed fragments appear to be highly prone to develop neurological compromise in the presence of increased segmental hypermobility or instability. Before the current review, we hypothesised that the posterior part of fractured fragments would impinge more prominently on the spinal cord when the spine was flexed, but no radiographic evidence ob tained was able to verify this assumption.
Symptomatic evidence of spinal cord compromise is an affirmative indication for anterior or posterior decompression or for both. Reduced bone quality in the vertebrae is to be increased through spinal instrumentation techniques. Kaneda et aZ20 advocate anterior decompression, bioactive ceramic vertebral prosthesis replacement, and the use of their unique spinal implants. 21 They suggest that anterior route surgery secures complete decompression leading to satisfactory results with unexpectedly decreased inva sion even in the elderly. They disagree with violation of the intact posterior spinal elements of the facets and laminae and interspinous ligaments for the prevention of segmental instability. Posterior decompression is easier to conduct, however. Transpedicular postero lateral or a 360-degree circum-spinal approach22 pro vides direct access to the compressive lesion anterior to the spinal cord. Shikata et a[23 excised retropulsed fragments satisfactorily posterolaterally, followed by Harrington instrumentation without correction of the kyphosis at the affected level. They attained better neurological results but, from a mechanical point of view, resultant kyphosis at the collapsed spinal level is best corrected.24 Transpedicular posterolateral decom pression with stabilization by a screw-rod construct is easy and is preferred for correction of kyphosis and to enable early mobilization;25,26 however, loose trans pedicular screws from the vertebral bodies with re duced bone quality may contribute to the prevention of correction of kyphosis and possible instrumentation failuresY However, patients with CD instrumentation showed less loss of correction as expected, possibly due to the use of transpedicular screws with larger dia meters, as is shown in Figures 5a and b . One earlier patient with L4 involvement underwent Kaneda in strumentation but, at present, we suggest that patients with a lower lumbar (L4 and L5) involvement are best operated on posteriorly with a screw-rod construct. To avoid possible screw pullouts the transpedicular use of methylmethacrylate bone cement within the vertebral bodies to secure the screw position is reported. In this kind of reinforcement, Shibata et aZ28 very recently reported that self-setting hydroxyapatite cement in jected transpedicularly into the osteoporotic vertebral body in vivo successfully strengthens anchoring to withstand screw pullout and axial load. Transpedicular cement augumentation, however, to anchor the screws within the vertebral bodies is usually not necessary and, at present, we do not recommend the use of this technique, based on our experience with a CD con struct in 20 cases.
Conclusions
Post-traumatic osteoporotic vertebral collapse follows a minor spinal injury with segmental hypermobility/ instability accompanied by absence of fracture healing. A variety of symptoms as late neurological sequelae must be diagnosed precisely so that surgical manage ment is conducted earlier. Transpedicular decompres sion with posterior stabilization by a screw-rod con struct offers a good chance for neurological improve ment, simultaneously correcting the kyphotic deformity at the affected spinal level fairly well. 
